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Chapter 3 Materials and Methodology 
3.1 Feedstock collection and preparation 
Oil palm fronds (OPF) were collected from ground of the local palm oil plantation. The 
OPF residue was then ground and sieved into smaller than 1 mm particle size and kept in 
plastic bag at room temperature before using for further analysis (Siti Normah et al., 
2012). 
 
3.2 Enzyme  
Both Cellic® CTec2 and the experimental accessory enzymes were obtained from 
Novozymes A/S (Bagsvaerd, Denmark). Cellic® CTec2 and the experimental enzyme 
cocktails were stored at 4°C and −30°C, respectively, until needed for hydrolysis of 
pretreated OPF (Ye Chen et al., 2013). 
 
3.3 Alkaline pretreatment 
Alkaline pretreatment of OPF were conducted in a 500 ml beaker. The beaker was loaded 
with material loading of 0.15 g/ml including 60 g of OPF that had been dried for 3 to 4 
hours at 105°C and 400 ml of 4.42% (w/w) sodium hydroxide solution. Beaker contents 
were mixed thoroughly to achieve a total solid loading and the desired alkali loading. The 
mixture was heat at 100°C for about 1 hour. The treated OPF were then washed 
intensively with deionized water until neutrality. The washed OPF was dried at 105°C for 
24 hours and stored (Ye Chen et al., 2013). 
 
3.4 Enzymatic hydrolysis 
The pretreated OPF was performed for further enzymatic hydrolysis in 250 Erlenmeyer 
flask. 1.5 g of alkali pretreated OPF was mixed with 20 ml of 0.2 M sodium acetate buffer 
with different pH which 4 and 5.6 supplemented with varying enzyme’s concentration of 
1.5% and 6%. The reaction mixture was hydrolyzed in an incubator shaker at rotation 
speed of 50 rpm and 200 rpm for 3 hours and 72 hours as the reaction time. After the 
reaction time, the OPF mixture was taken out and the enzyme reaction was stopped by 
boiling it for 10 minutes. Triplicate sample for enzyme hydrolysis were set up for each of 
experiment (Siti Normah et al., 2012; Ye Chen et al., 2013). 
 
3.5 Reducing sugar analysis 
The hydrolysates were quantified by DNS method. An amount of 3 ml DNS reagent was 
added to 3 ml of sample. The mixture was boiled in a water bath at 100°C for 10 min. 
The mixture was cooled at room temperature and 1 ml of potassium sodium tartrate was 
added into the mixture. The reducing sugar was analyze using UV-Vis spectrophotometer 
with the absorbance of 575 nm. Standard curve of glucose was used to quantify the 
concentration of sugar and expressed as gram per litre (g/L). 
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Figure 3.1: Calibration curve of glucose 
3.6 Statistical analysis 
The experimental data was analyzed by using Design Expert Software. Based on two-
level factorial, it contains 16 experiments which involving five factors. Each run have 
different factors combination. After completed all 16 experimental runs, the data were 
then analyzed using Design Expert Software (Table 3.1).  
 
Table 3.1: Statistical analysis using Design Expert Software 
 
 
 
y = 0.3088x - 0.0065
R² = 0.9937
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Chapter 4 Result & Discussion  
 
The model for two level factorial is as follows: 
 
5.14 + 0.20A – 0.026B +2.93C + 0.13D + 1.03E – 0.24AB + 0.24AC + 0.32BD – 
0.77CE 
 
A: Agitation speed 
B: Enzyme loading 
C: pH 
D: Temperature 
E: Reaction time 
 
The R square obtained was 0.9949. 
 
Based on the model equation, coefficient of the α1 to α9  are small compared to constant 
α0. This shows that the model equation is good with small errors and can be used for 
further analysis. 
 
Factors affecting enzymatic hydrolysis 
 
In this research, the most affecting factor in the enzymatic hydrolysis was pH as shown 
in Table 4.1 with the contribution of 81.07%. The second highest factor affecting the 
enzyme hydrolysis is reaction time by having value of 10.13%. The other three factors 
are agitation (0.38%), temperature (0.16%) and finally is enzyme loading (0.00662%).  
The actual pH values of the substrate suspensions consist of the buffer solution and 
enzymes (CTec2). Lignin is known as hydrophobic. Through surface functional groups, 
pH can affect the charge of substrate surface to alter surface hydrophobicity. This may 
also affect electrostatic interactions between cellulase and lignin (Lan, Zou & Zhu, 2012). 
The alteration of lignin will not only increase enzyme accessibility but also reduce 
enzyme nonspecific absorption on lignin. 
 
Table 4.1: Contribution of factors 
Factors  Contribution (%) 
Agitation speed 0.38 
Enzyme loading  0.00662 
pH  81.07 
Temperature  0.16 
Reaction time 10.13 
 
Aside affecting the lignin, pH also affect the enzyme activity. Extremely high or low pH 
values normally result in negative effect for most enzymatic activity. pH is also a factor 
in the stability of enzymes. As with activity, for each enzyme there is also a region of pH 
optimal stability. 
 
